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REMARKS 

Claims 20 to 24 are pending in the present application. The following remarks and 
supporting documents are presented in support of the patentability of the pending claims. 

Rejection under 35 U.S.C. § 102(b) 

In the Office Action, claims 20-22 were rejected under 35 U.S.C. § 102(b) as being 
anticipated by Nakagawa et al (Cancer Research, 1988, Vol.48, pp.2096-2100) as evidenced by 
the abstract of Zabel et al (Histology and Histopathology, 1997, Vol.12, pp.283-289). Applicant 
respectfully traverse the rejection and submits that claims 20-22 are patentable within the 
meaning of 35 U.S.C. § 102(b). Reconsideration and withdrawal of the rejection are respectfully 
solicited. 

The present invention is directed to methods for inducing the re-expression of a 
previously silenced gene encoding the human sodium/iodide symporter in a human thyroid 
carcinoma cell by administering a compound selected from 5-azacytidine, sodium butyrate, 
dimethylsulfoxide, S-adenosyl-l,8-diamino-3-thio-octane, and phenylacetate. Applicant's studies 
have shown that these demethylating agents or differentiating agents can restore transcription of 
a previously inhibited iodide transporter gene, thus restoring iodide transport. Moreover, 
applicant's studies have demonstrated restoration of gene expression in a variety of human 
thyroid carcinoma cells, for example in follicular carcinoma cells. Therefore, the claimed 
invention provided a method for treating thyroid cancer cells which have lost the ability to 
transport iodine and which have an inactive thyroid specific response element. Applicants have 
shown that administration of a demethylating agent or differentiating agent to the cells results in 
expression of the therapeutic response element and uptake of iodine. 
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In contrast, Nakagawa et al describes that the butyrate treatment induces cultured human 
medullary thyroid carcinoma cells to acquire in vitro properties consistent with the differentiated 
phenotype of the mature thyroid cell. As mentioned by the Examiner, the TT cell is a 
parafollicular cell line. Medullary thyroid carcinoma derives from these parafollicular cells, 
notable for secreting calcitonin and other substances, and constitutes 5% to 10% of thyroid 
malignancies (see attached documents). However, parafollicular, or C, cells, lie between the 
follicles of the thyroid gland. These cells do not have the same embryological origin as do the 
thyroid follicular cells. A parafollicular cell does not need an active gene for sodium/iodide 
symporters since in this cells there is no active transport of iodide, since in this cells there is no 
synthesis of thyroid hormones. Therefore, medullary thyroid cancer is untreatable by the uptake 
of iodine . There is no inducable re-expression of a previously silenced gene encoding the human 
sodium/iodide symporter. Therefore, the human thyroid carcinoma cells according to the 
invention differ from the cells used in the cited documents. They are different cell types. 

Accordingly, it is submitted that Nakagawa et al does not negate the patentability of the 
presently claimed invention. Reconsideration and withdrawal of the rejection under 35 U.S.C. § 
102(b) are respectfully requested. 

Respectfully submitted, 
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I I REVIEW 

Advances and Controversies in the Diagnosis and 
Management of Medullary Thyroid Carcinoma 

Hassan M. Heshmati, MD, Hossein Gharib, MD, Jon A. van Heerden, MD, Rochester, Minnesota, 
Glen W. Sizemore, MD, Maywood, Illinois 



Recent advances in the diagnosis and treatment 
of medullary thyroid carcinoma (MTC) have been 
significant, but some issues remain 
controversial. MTC may occur either as a 
hereditary or a nonhereditary entity. Hereditary 
MTC can occur either alone— familial MTC 
(FMTC)— or as the thyroid manifestation of 
multiple endocrine neoplasia type 2 (MEN 2) 
syndromes (MEN 2A and MEN 2B). These 
hereditary disorders are due to germline 
mutations in the RET proto-oncogene. Early 
diagnosis and treatment considerably improve 
the prognosis in patients with MTC. Genetic 
testing can identify almost all affected 
individuals with hereditary disease and permits 
early thyroidectomy in gene carriers. Plasma CT 
is an excellent marker for postoperative follow- 
up. Imaging studies help delineate recurrent or 
metastatic lesions. Treatment of recurrent or 
metastatic disease is primarily surgical, 
including either palliative or microdissective 
surgery. Radiation therapy is reserved for 
skeletal metastasis or nonresectable metastatic 
MTC. Efficacy of current chemotherapy 
programs is not well established. Overall, the 10- 
year survival rates are approximately 65%. Am J 
Med. 1997;103:60-69. © 1997 by Excerpta 
Medica, Inc. 

Medullaiy thyroid carcinoma (MTC), a rare thy- 
roid malignancy originating from the parafollic- 
ular C cells, was first described by Hazard et al in 
1959.^ It represents less than 10% of all thyroid can- 
cers and may occur either as a hereditary or a non- 
hereditaiy entity.^"^ Hereditary MTC can occur ei- 
ther alone— familial MTC (FMTC)— or as the 
thyroid manifestation of multiple endocrine neopla- 
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sia type 2 (MEN 2) syndromes (MEN 2A and MEN 
2B). These hereditary disorders are due to germline 
mutations in the RET proto-oncogene.^" Early di- 
agnosis and treatment significantly improve the out- 
come of patients with MTC. Tests based on the de- 
tection of FMTC and MEN 2 mutations in genomic 
DNA have made possible the detection of asympto- 
matic gene carriers of hereditary MTC in at-risk fam- 
ily members. ^•^^'^'^ This review describes recent ad- 
vances in the diagnosis of MTC and discusses 
current controversies in management. 

CLASSIFICATION AND CLINICAL 
PRESENTATION 

Nonhereditary or sporadic MTC is the most com- 
mon type of MTC, accounting for approximately 80% 
of all cases at initial presentation. The remaining 20% 
comprise hereditary MTC including MEN 2A (the 
most common), MEN 2B, FMTC (the least common), 
and other hereditary MTCs (Table I). 

MEN 2 was first described by Sipple in 1961.*^ 
MEN 2A is characterized by MTC, pheochromocy- 
toma and hyperparathyroidism.^® Three phenotypic 
subtypes have been reported.^^ MEN 2A(1) corre- 
sponds to kindreds with all three components. MEN 
2A(2) includes kindreds with MTC and pheochro- 
mocytoma, without hyperparathyroidism. MEN 
2A(3) relates to kindreds with MTC and hyperpara- 
thyroidism, without pheochromocytoma. A variant 
of MEN 2A, associated with pruritic skin lesions 
known as cutaneous lichen amyloidosis (CLA), has 
also been described in a few kindreds. MEN 2B ac- 
counts for about 18% of patients with hereditary 
MTC and is characterized by MTC, pheochromocy- 
toma, gangUoneuromatosis, and a marfanoid body 
habitus.^® A variant of MEN 2B, with MTC and prom- 
inent corneal nerves without typical gangUoneuro- 
matosis, was also described in a kindred.^® FMTC 
includes kindreds with at least 4 members with MTC, 
without other components of MEN 2A or MEN 2B. 
Other hereditary MTCs correspond to kindreds with 
MTC in 2 or 3 members, without pheochromocytoma 
or hyperparathyroidism. 

In sporadic MTC, the tumor is usually urufocal and 
discovered in the fifth or sixth decade of life. The 
clinical presentation includes a thyroid nodule or 
mass, cervical lymphadenopathy or other local cer- 
vical symptoms, and rarely diarrhea, flushing, Cush- 
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TABLE I 

Types, Frequency, and Clinical Presentation 
of MTC Syndromes 



Phenotypes 


Frequency 


Clinical Presentation 


Sporadic MTC 


80% 


MTC 


Men 2A: 






MEN2A(1) 


4% 


MTC, pheochronnocytoma, 






hyperparathyroidism 


MEN 2A(2) 


4% 


MTC, pheochronnocytoma 


MEN 2A(3) 


1% 


MTC, hyperparathyroidism 


MEN 2B 


3% 


MTC, pheochromocytoma, 






ganglioneuromatosis. 






marfanoid habitus 


FMTC 


1% 


MTC (in at least 4 patients) 


Other FMTC 


7% 


MTC (in 2 or 3 patients) 



MTC = medullary thyroid carcinoma; MEN 2A = multiple endocrine neo- 
plasia type 2A; MEN 2B = multiple endocrine neoplasia type 2B; FMTC = 
familial MTC. 



ing's syndrome due to chronic ectopic adrenocor- 
ticotropic hormone (ACTH) production, and meta- 
static disease. In hereditary MTC, the MTC is usuaQy 
multifocal and bilateral. Although it is difQcult to de- 
termine the age of onset of the MTC with accuracy, 
it is thought that the disease develops much earlier 
in MEN 2B (where metastasis has occurred by age 4 
years), whereas in MEN 2A and FMTC, the onset as 
well as metastasis occur later. The meyority of he- 
reditary patients are asymptomatic at discovery, be- 
cause of detection by genetic or biochemical screen- 
ing tests in the early stages of the disease. 

Approximately 30% to 50% of patients with MEN 2 
develop pheochromocytoma(s). The adrenomedtd- 
lary disease is usually multicentric and bilateral, of- 
ten detected after the onset of MTC, and malignant 
in less than 10% of patients.^^'^^ Clinical manifesta- 
tions of pheochromocytoma are usually subtle. Early 
symptoms include palpitations and nervousness; ap- 
proximately 50% of patients may exhibit hyperten- 
sion, which may be either paroxysmal or sustained. 
Sudden death may rarely occur as a result of a hy- 
pertensive crisis.^**'^^ Thus, pheochromocytomas 
must be ruled out prior to operations and pregnan- 
cies in these patients, as they may induce a hyper- 
tensive crisis. 

Hyperparathyroidism occurs in approximately 
10% to 20% of MEN 2A patients. The disease usually 
involves multiple parathyroid glands and appears to 
be more occult than its sporadic counterpart.^ 

MEN 2B is characterized by its unique phenotypic 
appearance including diffuse ganghoneuromatosis 
involving the lips, tongue, eye, and gastrointestinal 
tract (Figure 1). The characteristic facies are gen- 
erally recognizable in early childhood. The gastro- 
intestinal involvement may cause intermittent con- 
stipation and diarrhea, abdominal pain, megacolon, 
and occasionally obstruction. Another phenotypic 



Figure 1, Characteristic facies in a girl with multiple endocrine neo- 
plasia type 2B. Features include elongated face, thick lumpy lips 
caused by mucosal neuromas, and thick eyelids with marked ever- 
sion. 

feature of MEN 2B is a marfanoid habitus with long, 
thin extremities and fingers, hyperextensible joints, 
and epiphyseal abnormalities. However, these pa- 
tients do not have the cardiac manifestations of Mar- 
fan's syndrome. 

BIOCHEMISTRY 

MTC tumor cells produce a variety of substances. 
These include calcitonin (CT), CT gene-related pep- 
tide (CGRP), carcinoembryonic antigen (CEA), am- 
yloid, somatostatin, ACTH, vasoactive intestinal 
peptide, prostaglandins, serotonin, substance P, his- 
taminase, and melanin. CT is the main biochemical 
marker used for detection and postoperative man- 
agement of patients with MTC. Basal plasma CT and 
CEA levels are elevated in the msyority of patients 
with MTC. Plasma CGRP levels are elevated mainly 
in patients with large tumors or metastasis. 

Pheochromocytoma secretes catecholamines 
(epinephrine, norepinephrine, dopamine). In some 
patients, the initial abnormality may be a minimal 
increase in urinary epinephrine or an increase in the 
ratio of urinary epinephrine to norepinephrine. 
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TABLE II 

Recognized Genetic Abnormalities in MTC Syndromes 



Phenotypes 


RET Mutations 


Exons 


Codons 


Ammo Acid Changes* 


Sporadic MTC 


Somatic (>20%) 


13 


768 


Glu Asp 






16 


918 


Met-*Thr 


MEN 2A 


Germline (95%) 


10 


609 


Cys Tyr 






10 


611 


Cys Tyr 






10 


618 


Cys Ser 






10 


620 


Cys Arg 






11 


634 


Cys -» Arg 


MEN 2B 


Germline (94%) 


16 


918 


Met-Thr 


FMTC 


Germline (87%) 


10 


609 


Cys -* Tyr 






10 


611 


Cys Tyr 






10 


618 


Cys Ser 






10 


620 


Cys -Ser 






11 


634 


Cys Tyr 






13 


768 


Glu Asp 






14 


804 


Val - Leu 



MTC - medullary thyroid carcinoma; MEN 2A = multiple endocrine neoplasia type 2A; MEN 2B = multiple endocrine neoplasia type 2B; FMTC = familial MTC. 
• Examples con-espond to the most common (or exclusive) amino acid substitutions for each codon. 



The parathyroid disease, with an absolute or in- 
appropriate increase in serum parathyroid hormone 
(PTH) level, is associated, in its typical form, with 
hypercalcemia and hypophosphatemia. 

GENETICS 

MEN 2A, MEN 2B, and FMTC are autosomal dom- 
inant disorders. These are due to germline mutations 
in the RET proto-oncogene, located in the proximal 
region of the long arm of chromosome 10, band 
qll.2, which codes for a receptor-like tyrosine ki- 
nase (Table 11).^-^^ The ligand for RET was recently 
identified.^ RET is a functional receptor for glial- 
cell-line -derived neurotrophic factor (GDNF), a dis- 
tant member of the transforming growth factor-y^ su- 
perfamily. GDNF-induced activation of RET is 
mediated by GDNF receptor-a, a novel cell surface 
receptor for GDNF.^ GDNF, in addition to its poten- 
tial role in the differentiation and survival of central 
nervous system neurons, has profound effects on 
kidney organogenesis and the development of the 
peripheral nervous system. Mutations in MEN 2A, 
MEN 2B and FMTC convert RET into a dominant 
transforming gene with oncogenic activity.^ 

In FMTC and MEN 2A, the earliest recognized mu- 
tations affected 1 of 5 cysteine residues in exons 10 
(codons 609, 611, 618 and 620) or 11 (codon 634), in 
the extracellular domain of the RET proto-onco- 
gene.^"^ These mutations may affect ligand binding 
of the RET protein. New germline mutations are very 
uncommon in MEN 2A and FMTC.^** Recently, addi- 
tional germline mutations have been reported in 
FMTC, for the glutamic acid residue in exon 13 (co- 
don 768)^^'^ and valine residue in exon 14 (codon 
804),^^ in the intracellular domain of the RET proto- 
oncogene. The main affected codon in MEN 2A kin- 



dreds is codon 634 and the most common mutation 
in this codon is the Cys Arg mutation. In FMTC, 
the main affected codon is codon 618. 

In MEN 2A, a few studies have reported a corre- 
lation between genotype and phenotype. Patients 
with codon 634 mutations have a higher frequency 
of pheochromocytoma and hyperparathyroidism 
than those with other mutations.^'® With codon 634 
mutations, subjects with the subtype Cys -* Arg mu- 
tation have even a higher frequency of hyperpara- 
thyroidism than those with other codon 634 subtype 
mutations,^ 

The basis of the tissue specificity for these RET 
mutations in causing neoplasia is unexplained. Some 
authors suggest that a threshold effect may exist, 
with thyroid C cells being the most sensitive and 
parathyroid cells the least sensitive to the altered 
RET protein. Adrenal cells would have an interme- 
diate sensitivity to the RET mutation.^-^ Of particu- 
lar interest is the phenotypic difference between 
MEN 2A and FMTC despite sometimes having iden- 
tical RET mutations. The occurrence of distinct clin- 
ical phenotypes in patients sharing identical predis- 
posing mutations could be explained in part by the 
failure to diagnose the more occult form of parathy- 
roid and adrenomedullary diseases in these "FMTC" 
kindreds because of possible insensitivity of our di- 
agnostic tests for these components, or by the infiu- 
ence of a modifier gene. 

In MEN 2B, the mutation so far identified involves 
a methiorune residue in exon 16 (codon 918), in the 
intracellular domain of the RET proto-oncogene.®'^ 
This mutation may alter substrate specificity or cat- 
alytic properties of the RET protein. New germline 
mutations are frequently observed in these patients 
(50% of cases).^° There is also evidence for genomic 
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Figure 2. Cytologic and histologic presentation of medullary thyroid carcinoma. Fine-needle aspiration biopsy shows spindle-shaped cyto- 
plasmic processes and elongated nuclei; amyloid is also identified (upper left). Fine-needle aspiration biopsy specimen on immunoperoxidase 
staining for calcitonin is consistent with medullary thyroid carcinoma (upper right). Specimen from patient with familial medullary thyroid 
carcinoma shows foci of C-cell hyperplasia identified by positive Immunostaining for calcitonin (lower left). Medullary thyroid carcinoma tumor 
containing large amounts of amyloid deposits in the stroma (lower right). 



imprinting in MEN 2B as the affected offspring of 
transmitting males are predominantly female.^** 

Germline RET mutations are also reported in rare 
cases with presumed sporadic MTC.^^ These may 
correspond either to new germline mutations, or to 
MEN 2A or FMTC cases with rather poor or incom- 
plete familial screening. A subset of patients with 
sporadic MTC (more than 20%) have somatic muta- 
tions in exons 13 or le.^^^.^^'^^ 

PATHOLOGY 

Macroscopically, MTC is solid, firm and not en- 
capsulated. Microscopically, it appears as nests of 
uniform round neoplastic ceUs. The most common 
patterns of growth are trabecular, alveolar, and spin- 
dle cells.^ Multlnucleation is common. Amyloid and 
calcifications are often present (Figure 2). In spo- 
radic MTC, the tumor is usually imicentric, without 
a background of C-cell hyperplasia. Fewer than 20% 
of sporadic patients may have bilateral tumors and 
this is generally presumed to be an extension from 
the primary tumor. In familial syndromes, the MTC 
is usually bilateral, multicentric and most commonly 
present in the upper and middle thirds of each lobe. 
Ocell hyperplasia, the precursor of MTC, may be 
present early in life even at birth. The progression 
from hyperplasia to carcinoma may take years. Al- 
though C-cell hyperplasia is a characteristic histo- 
logical feature of hereditary MTC, it may be observed 
occasionally in normal thyroid glands at autopsy and 
in some patients with various nonthyroidal neoplas- 
tic and normeoplastic diseases. The diagnosis of 



MTC can reliably be made on specimens obtained 
with fine-needle aspiration (FNA) biopsy (Figure 2). 
Amorphous amyloid may sometimes be identified in 
smears. 

The adrenomeduUary disease is usually multicen- 
tric, in a context of diffuse adrenal medullary hyper- 
plasia, and bilateral — often asynchronously present- 
ing pheochromocytomas.^^ 

Hyperparathyroidism in MEN 2A is usually due to 
chief cell hyperplasia of multiple parathyroid glands 
(diffuse but unequal multigland hyperplasia). Para- 
thyroid adenomas are less cortunon. However, a re- 
cent study reports single adenoma in 54% of cases.^ 

SCREENING 

In kindreds with hereditary MTC, genetic screen- 
ing is the easiest and the most cost-effective ap- 
proach to detect affected patients. ^^'^"^ Genetic 
testing can, and should, be performed very early in 
life (soon after birth). In a kindred with a known 
mutation, members predicted not to be gene carriers 
by RET mutation analysis do not require further ge- 
netic or biochemical testing; no tests need to be per- 
formed on their descendants. In contrast, subjects 
predicted to have inherited the predisposing gene 
should be considered at high risk of developing MTC 
(if not already present). The knowledge of the par- 
ticular mutations in MEN 2A kindreds may also be 
helpful in the follow-up with biochemical testing for 
the detection of other components of the disease 
(early detection of pheochromocytoma or hyperpara- 
thyroidism in patients having codon 634 mutations). 
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When properly performed, genetic testing using RET 
analysis should have no false-negative or false-posi- 
tive results; however, to avoid sample mix-up, some 
prefer repeating a negative or positive test. The pos- 
sibility of false paternity should also be considered 
when interpreting the final results. In RET mutation- 
negative kindreds, linkage analysis may identify gene 
carriers. However, linkage analysis is not as accurate 
as RET mutation analysis because of errors due to 
recombinations.'' Thus, primary relatives of MTC-af- 
fected patients with no identified RET mutation and 
with negative linkage analysis results, require regu- 
lar follow-up by biochemical tests. 

In sporadic MTC and hereditary MTC with nega- 
tive genetic testing, measurement of basal and stim- 
ulated plasma CT is the preferred method for the 
diagnosis of MTC. Because some patients with oc- 
cult MTC or C-cell hyperplasia have normal basal CT 
levels, provocative testing with pentagastrin or cal- 
cium (Ca) and pentagastrin have been used to in- 
crease detection rates. In comparing results of CT 
stimulation for this purpose, we and others have 
found pentagastrin to be the most effective CT se- 
cretory discriminator in patients with MTC.^^ '*^ Thus, 
pentagastrin stimulation is now almost universally 
used by most laboratories. The test can be per- 
formed in early childhood or even infancy. Plasma 
CT is measured before, and 1.5 and 5 minutes after 
the intravenous ir\jection over 5 seconds of 0.5 ^g/ 
kg of body weight of pentagastrin contained in 5 mL 
of 0.9% NaCl as a bolus. We have described a more 
accurate and sensitive CT measurement using an ex- 
traction radioimmunoassay, with few false-positive 
or false-negative results.'*^ The normal range for 
basal and stimulated CT levels varies between dif- 
ferent laboratories; ours are illustrated in Table III, 
In kindreds with familial MTC and negative genetic 
testing, at-risk individuals with negative biochemical 
results should be tested annually until the age of 35 
years because conversion fi"om negative to positive 
CT stimulation test has been reported to occur in 
95% by the fourth decade of life.^^ The pentagastrin 
test has several unpleasant small peptide side effects 
including metallic taste, esophageal spasm, nausea, 
flushing, warmth, and the urge to void. These symp- 
toms are mild and transient, and usually resolve 
within 2 minutes. False-negative or false-positive 
pentagastrin stimulation tests may be observed in 5% 
to 18% of cases.^'*^ False-negative results most prob- 
ably occur in patients who have not yet developed 
sufficient C-cell volume to be detected as abnormal. 
False-positive results may be observed in normal 
subjects with C-cell disease for unknown reasons 
but v^dthout MTC. 

In MEN 2, adrenomedullary disease is sought by 
axmual measurement of urinary metanephrines and 



TABLE 111 

Differences in Basal and Pentagastrin-stimulated* Plasma 
CT Levels in Normal Subjects 



Sex 


Basal CT (pg/mL) 


Stimulated CT (pg/mL) 


Male 


0-19 


^110 


Female 


0-14 


^30 



* Pentagastrin (0.5 /igAg of bocJy weight) by a botus injection with blood 
sampling at 0, 1.5, and 5 minutes (modified from Gharib et al, 1987). CT, 
calcitonin. 



fractionated catecholamines (epinephrine, norepi- 
nephrine, dopamine), after the age of 6 years.^®'^"^'*^''*^ 
Elevated epinephrine or an elevated epinephrine/ 
norepinephrine ratio is the most commonly observed 
pattern. No relationship exists between tumor size 
and catecholamine production. 

We screen for hyperparathyroidism by measure- 
ment of serum Ca every 2 years. Once hypercalcemia 
is documented, serum intact PTH should be mea- 
sured to confirm the diagnosis of hyperparathyroid- 
ism.=^^*^^ 

OTHER INVESTIGATIONS 

The preoperative diagnosis of MTC can be further 
confirmed by FNA if a thyroid nodule and/or cervical 
lymphadenopathy is present. Chest x-ray, computed 
tomography, or magnetic resonance imaging (MRI) 
scans are also helpful to determine the presence of 
distant metastases. 

When biochemical diagnosis of pheochromocy- 
toma is established, the tumor should be localized 
by computed tomography or MRI scans; iodine-131 
meta-iodobenzylguanidine (^^^I-MIBG) scintigraphy 
is seldom used but may be helpful if malignancy is 
suspected. 

High-resolution small part sonography is some- 
times used to differentiate parathyroid hyperplasia 
from solitary adenoma 

TREATMENT 

Because MTC is the main cause of death in pa- 
tients with MEN 2 and FMTC, early diagnosis and 
treatment are mandatory. The aim should be to iden- 
tify as many patients as early as possible before 
gross disease is evident, particularly disease that has 
extended beyond the confines of the thyroid gland. 
The prognosis varies greatly depending upon the ex- 
tent of disease; ie, C-cell hyperplasia (best), gross 
disease confined to the thyroid, or extrathyroidal ex- 
tension (worst). Ideally, as many patients as possible 
should be identified at the precancerous C-cell hy- 
perplasia phase. Based on the results of genetic test- 
ing, subjects predicted to have inherited the predis- 
posing gene should have thyroidectomy at an early 
age (between the ages of 5 and 10 years for MEN 2A 
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and FMTC, earUer for MEN 2B). In a recent study by 
Wells et al/^ 6 patients from MEN 2A kindreds be- 
tween ages 6 to 14 years who had RET mutations but 
normal stimulated CT levels, underwent prophylac- 
tic thyroidectomy; 3 had C-cell hyperplasia, 2 had 
microscopic MTC, and 1 had macroscopic MTC. 

Total thyroidectomy is recommended for all pa- 
tients with MTC (hereditary or nonhereditary), or 
those at risk of developing MTC,^'^*^'"^ since in fa- 
milial MTC the tumor is multifocal and bilateral, and 
in sporadic MTC the incidence of bilateral disease is 
not insignificant (up to 20% of cases). Central com- 
partment node dissection (nodes in the tracheo- 
esophageal groove plus nodes above and below the 
thyroid isthmus) should routinely accompany total 
thyroidectomy If central nodes are negative, 
sampling of the lateral compartment nodes is not 
necessary. If central plus lateral nodes are positive, 
a modified neck dissection is indicated with preser- 
vation of the accessory spinal nerve, the stemomas- 
toid muscle, and the internal jugular vein.^®'^ Nodal 
metastases are more common in patients with MEN 
2B and sporadic disease, followed by patients with 
FMTC and MEN 2A. The study of 123 patients who 
underwent thyroidectomy for MTC showed the pres- 
ence of cervical lymph node metastasis in 54%, 53%, 
and 24%, in sporadic MTC, MEN 2B, and MEN 2A, 
respectively.'*^ We and others have shown that there 
is no prognostic advantage of a radical versus a mod- 
iQed radical neck dissection. 

Some authors express concern regarding the risk 
of complications of surgery (recurrent laryngeal 
nerve damage, hypoparathyroidism) in young chil- 
dren. In most series, including our own, the risk of 
permanent recurrent laryngeal nerve damage and 
permanent hypoparathyroidism is no greater than 
that occurring in the adult population. Of these 
two possible complications, permanent hypopara- 
thyroidism is, by far, the most troublesome and 
should be avoided at all costs, if possible. This can 
best be accomplished by meticulous preservation, in 
situ, of as many parathyroid glands as possible, and 
particularly visualization of all four glands when a 
total thyroidectomy is performed. If any parathyroid 
glands are to be sacrificed because of their anatom- 
ical location, immediate autotransplantation into the 
strap muscles or the sternocleidomastoid muscle in 
the neck should be performed, and the transplanted 
area marked with either a silver clip, or nonabsorb- 
able suture. For patients electing not to undergo 
early thyroidectomy, periodic biochemical testing 
(CT determination) will determine the proper time 
for surgery, since abnormal CT levels mandate sur- 
gical treatment.^ 

In MTC patients, thyroid surgery should be under- 
taken only with the knowledge of catecholamine se- 



cretion. If excessive catecholamine secretion is 
demonstrated, adrenal surgery should precede thy- 
roidectomy. In our experience, adrenomeduUary dis- 
ease (pheochromocytomas or adrenal medullary hy- 
perplasia) is uniformly bilateral. The pathology may 
vary from bilateral adrenomedullary hyperplasia to 
bilateral pheochromocytomas to unilateral pheo- 
chromocytomas that may be urufocal, or multifocal 
with contralateral hyperplasia Our philosophy has 
been initial bilateral total adrenalectomy, a proce- 
dure that is extremely well tolerated with appropri- 
ate adrenal replacement therapy. Although there is 
some controversy regarding unilateral versus bilat- 
eral initial adrenalectomy, we have not embraced the 
philosophy of initial unilateral resection. Adrenal 
surgery must be preceded by appropriate alpha (di- 
benzyline) and beta (propanolol) blockade for ap- 
proximately 7 to 10 days, as well as volume repletion. 

The mgyority of MEN 2A patients with hyperpara- 
thyroidism will have diffuse but unequal multiglan- 
dular hyperplasia. A small percentage (10% to 15%) 
might in fact have initial single gland disease. There 
is controversy regarding total parathyroidectomy 
with immediate autotransplantation of a portion of 
a single gland versus subtotal parathyroidectomy 
with preservation of a well vascularized portion of a 
single gland in situ. We have adopted the latter ap- 
proach. This approach should only be performed af- 
ter visualization of all 4 glands and after the decision 
is made as to which of the glands can most safely be 
preserved in situ. We aim to preserve approximately 
60 to 80 mg of viable tissue, and this gland is care- 
fully marked for later identification. In addition, it is 
our philosophy that all of these patients should un- 
dergo routine transcervical thymectomy, since at 
least 12% to 15% of MEN 2A patients will have a fifUi 
gland located in the mediastinal thymus. 

POSTOPERATIVE MANAGEMENT 

After total thyroidectomy, all patients should re- 
ceive lifelong replacement therapy with levothyrox- 
ine (LrT4). The dose of L-T4 should be ac^usted by 
periodic serum thyrotropin (TSH) determinations. 
Serum TSH level should be maintained within the 
normal range; there is no need for TSH suppression 
in these patients. FoUow-up of MTC is mainly based 
on basal (only if high) and stimulated plasma CT de- 
terminations. Sequential undetectable or normal CT 
concentrations usually indicate cure. High concen- 
trations in the irrunediate postoperative period indi- 
cate persistent disease. Elevations that occur after a 
disease-free period suggest recurrent or metastatic 
disease. Patients with microcarcinoma (tumor ^1 
cm), and/or C-cell hyperplasia with normal postop- 
erative basal CT concentrations, are considered 
cured. Patients with multicentric, larger tumors 
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should have determination of both basal and stimu- 
lated CT concentrations. More patients with MTC 
and lymph node metastasis will have persistent dis- 
ease and elevated postoperative CT concentrations 
than those with less initial disease. 

Patients with bilateral adrenalectomy should re- 
ceive lifelong replacement therapy with appropriate 
glucocorticoid and mineralocorticoid therapy. In pa- 
tients with recurrent symptoms or signs of pheo- 
chromocytoma, repeat measurements of catechol- 
amines should be undertaken to detect recurrent or 
metastatic pheochromocytoma This is especially 
important if the patient has had unilateral adrenal- 
ectomy. 

Postoperative hypoparathyroidism (which is rare) 
is best, and more safely, treated with 1,25-dihy- 
droxyvitamin D and adequate Ca supplements in suf- 
ficient quantities to stop symptoms, produce low 
normal serum Ca concentrations and yet avoid hy- 
percalciuria. 

Patients who have not yet shown signs of pheo- 
chromocytoma or hyperparathyroidism should be 
screened at regular intervals, as detailed previously. 
Special attention should be paid to patients with co- 
don 634 mutations, who are more prone to develop 
these components. 

PERSISTENT, RECURRENT, OR 
METASTATIC THYROID DISEASE 

There is general agreement that high postopera- 
tive plasma CT concentrations always indicate per- 
sistent disease. When basal plasma CT levels are nor- 
mal but persistent, or recurrent disease is suspected, 
stimulation testing should be performed. With the 
demonstration of either abnormal basal or stimu- 
lated CT levels, further investigations to localize 
MTC are indicated. 

CEA is another tumor marker in patients with met- 
astatic MTC. High values indicate residual disease. 
However, because CT is the more commonly ele- 
vated marker in this clinical situation, and CEA is 
not detected or increased in many patients with met- 
astatic MTC, we use it only in unusual cases in which 
CEA is dominant to CT, particularly when cost-ef- 
fectiveness is important. 

The methods of localization and management of 
persistent disease remain controversial. The most 
frequent sites of metastatic disease are the nodes in 
the neck and superior mediastinum. Distant metas- 
tases are seen in the order of frequency in the liver, 
mediastinum, lung, and bone. Imaging studies useful 
in detecting disease include ultrasonography, chest 
x-ray, computed tomography or MRI, and radionu- 
clide scanning using thallium-201 thallous chloride 
C^^TICI), technetium-99m pentavalent dimercapto- 
succinic acid (^"Tc-DMSA) or indium-Ill pentetreo- 




Figure 3. Indium-llI pentetreotide scan in a patient with elevated 
postoperative serum calcitonin levels. The image shows abnormal 
uptake in the right neck on anterior 24-hour planar view. Neck explo- 
ration confirmed the presence of recurrent medullary thyroid carci- 
noma. Ultrasonography and computed tomography had failed to iden- 
tify tumor. 



tide (^^^In-pentetreotide).'* In our experience, sonog- 
raphy is extremely sensitive in detecting persistent 
or recurrent malignancy in the thyroid bed and in 
neck lymph nodes. Ultrasonography has the advan- 
tage of identifying and permitting biopsy tf suspi- 
cious lesions are seen. Computed tomography or 
MRI of the neck, mediastimun, and chest is also help- 
ful in identifying metastatic deposits. However, these 
techniques are not very specific. ^^^TlCl has been 
used successfully in detecting metastatic disease 
(92% of cases).*® ®®"Tc-DMSA has high sensitivity but 
low specificity, and has found limited use in the post- 
operative management of patients with MTC (detec- 
tion in 45% of cases).^ The most recent and 
promising addition to these methods is somatostatin- 
receptor imaging. Scintigraphy with ^^^In-pentetreo- 
tide has been used in a number of centers during the 
past 5 yeais.^°"^ Although the tumor site can be vi- 
sualized in the msyority of cases (65%) (Figure 3), 
this technique is expensive and is insensitive in de- 
tecting liver metastases. Other methods of investi- 
gating metastatic MTC include selective venous 
catheterization, radioimmunoscintigraphy with 
monoclonal antibodies (^^4-anti-CEA), and radioac- 
tive MIBG (^^4-MIBG). Selective venous catheteriza- 
tion, now seldom used, determines CT gradient, thus 
localizing the area where tumor cells have metasta- 
sized.^ Abdelmoumene et al^ have reported good 
success in localizing metastasis (92% of cases) in pa- 
tients with suspected disease, with this laborious 
and expensive technique. Scintigraphy using anti- 
CEA antibodies can detect metastatic MTC in the 
m^ority of cases (86%).^*^ ^^^I-MIBG is taken up by 
MTC. It has been used occasionally to detect meta- 
static MTC,*^'^^ but it is probably not as sensitive for 
detection of micrometastasis as selective venous 
catheterization with pentagastrin or radioimmimo- 
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scintigraphy with monoclonal antibodies (detection 
in 27% of cases). 

Therapy of patients with metastatic MTC is pri- 
marily surgical.^' In patients with well localized and 
isolated disease this is especially true. There are dif- 
fering views about those with occult metastatic MTC 
(patients with high plasma CT without clinically ap- 
parent tumor). In a review of this problem, Pommier 
and Brennan^ discussed two different surgical ap- 
proaches. The first is an aggressive approach to lo- 
calize and cure, first reported in 1986 by Tisell et al.^ 
They reported success with careful, extensive lymph 
node dissection in 11 patients with persistent MTC. 
This "microdissection*' technique normalized post- 
operative CT levels in 4 patients (36%), with a dura- 
tion of follow-up ranging from 2 to 4.5 years. In a 
subsequent report of 40 patients with MTC, the same 
authors found that after the first operation, 63% of 
the patients, and at the last test (mean follow-up, 6 
years), 30% of the patients, had undetectable basal 
CT levels.^® However, 35 of 40 patients had progres- 
sively increasing stimulated plasma CT levels with 
time. The second approach is a more conservative, 
palliative treatment In a publication by van Heerden 
et al,^ studying 31 patients with persistent hyper- 
calcitoninemia after apparent curative primary sur- 
gery for MTC, of 11 patients having reoperation 
based on clinical or radiological signs of recurrence, 
none had normal basal CT levels postoperatively. 
However, the overall 10-year survival rate was 86%, 
and only 2 patients died from MTC. Clearly, micro- 
dissection surgery takes longer, the surgical tech- 
nique is more difficult, and complications are greater 
than conventional surgery. Therefore, on the basis 
of available data on the risk-benefit ratio and the 
excellent long-term MTC prognosis, our approach, 
similar to most experienced centers, is conservative 
surgery for recurrent MTC. However, this issue re- 
mains unresolved and, in our opinion, multicenter 
comparative studies would be beneficial. 

Other treatments including external beam radia- 
tion, radionuclide (^^^I, ^^^I-MIBG, "^In-pentetreo- 
tide), chemotherapy, octreotide, and interferon have 
also been proposed."* The effectiveness of external 
radiotherapy remains controversial; recent reports 
suggesting no cures and only partial responses.®^ ®^ 
The potential benefits of radiotherapy must be 
weighed against its reported complications (cervical 
fibrosis, radiation tracheitis, chronic dysphagia, 
paraplegia). However, surgically imresectable le- 
sions, for example, skeletal or perispinal cord me- 
tastasis, may be paUiated by treatment with radio- 
therapy. ^^^I has no value as an ac^unct to surgery 
because the C cells do not concentrate iodine and 
survival rate is not affected with its use.*^ The selec- 
tive uptake of *^^I-MIBG and "^In-pentetreotide by 
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Prognostic Factors in MTC Syndromes 




Good 


Poor 


Factors 


Prognosis 


Prognosis 


RET mutations 


Codons 609, 611,618, 


Codon 




620, 634, 768, 804 


918 


Sex 


Female 


Male 


Plasma CT 


Low 


High 


Plasma CT/CGRP 


High 


Low 


Plasma CEA 


Low 


High 


Age at surgery 


Young 


Old 


Surgical resection 


Complete 


Incomplete 


Tumor size 


Small 


Large 


DNA ploidy 


Diploid 


Nondiploid 


CT immunoreactivity 


High 


Low 


Amyloid staining 


Positive 


Negative 


Extrathyroidal invasion 


Absent 


Present 


Nodal metastasis 


Absent 


Present 


Distant metastasis 


Absent 


Present 



MTC = medullary thyroid carcinoma; CT = calcitonin; CGRP = calcitonin 
gene^'elated peptide; CEA - carcinoembryonic antigen; DNA = deoxy- 
ribonucleic acid. 



MTC tumor cells has generated interest in their po- 
tential use for targeted radiotherapy for MTC.*^-*^ 
The tumor responses have been variable. Experience 
with chemotherapeutic agents in the management of 
MTC is limited and controversial.*^*^^ Different com- 
binations including cyclophosphamide + vincristine 
+ dacarbazine,^ or bleomycin H- adriamycin + plat- 
inum, or dacarbazine + 5-fluorouracil,^ appear to 
have moderate activity (partial response in 43% to 
60% of cases) and are well tolerated. Long-term treat- 
ment with octreotide has not significantly improved 
biochemical and morphological parameters in pa- 
tients with MTC.™''^ Octreotide therapy should be 
considered for symptomatic treatment of refractory 
diarrhea in MTC.*^ The use of recombinant inter- 
feron alpha-2a has also been suggested in a prelimi- 
nary study.*^ 

COURSE AND PROGNOSTIC FACTORS 

The clinical course of patients with MTC varies 
with tumor specifics as well as its associations. Over- 
all, 10-year survival rates are approximately 65%. Pa- 
tients with MEN 2B have the most aggressive tu- 
mors, with early development of metastases (neck, 
liver, mediastinum, Ixmg, bone) and death from the 
tumor. The biologic virulence of MTC in MEN 2B is 
followed by sporadic MTC, MEN 2A, and FMTC. Nu- 
merous parameters have been proposed as prognos- 
tic factors in the outcome for patients with MTC (Ta- 
ble IV).'^'* Age at onset, stage, and completeness of 
initial surgical resection are significant factors in de- 
tennining the outcome of MTC. In a retrospective 
study of 202 patients comparing the prognosis of pa- 
tients with sporadic MTC and those with familial 
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MTC, patients with familial MTC had a significantly 
higher survival rate than patients with sporadic 
MTC.^^ In this study, age at onset was the m^uor prog- 
nostic factor. However, when patients were matched 
for age, gender, extent of disease, and treatment, the 
difference in survival disappeared. 

CONCLUSION 

Early diagnosis and treatment considerably im- 
prove the prognosis in patients with MTC. Genetic 
testing can identify almost all affected individuals 
with hereditary disease and allow us to perform early 
thyroidectomy in gene carriers. Primary treatment is 
surgical, and early total thyroidectomy in experi- 
enced centers is urged, as it can be performed with 
negligible morbidity and mortality. Plasma CT is an 
excellent marker in postoperative follow-up. Imag- 
ing studies help delineate recurrent or metastatic le- 
sions. The possible benefits of microdissection for 
recurrent disease require further comparative study. 
Radiation therapy is reserved for skeletal metastasis 
or nonresectable metastatic MTC. Chemotherapy 
regimens have a limited palliative role. 
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Abstract Thyroglossal duct cysts (TDCs), the most common congenital 
cervical abnormality, originates from the medial anlage of the thyroid 
gland and presents as a painless asymptomatic midline suprahyoid mass. 
It does not represent a diagnostic challenge. The tract may persist as a 
fibrous cord or leave nests of cells anywhere along its embryonic path, and 
it gives rise to the development of TDC. The Sistrunk operation described 
in 1920 consists of en bloc cystectomy and central hyoidectomy, with tract 
excision up to the foramen cecum. This procedure remains an effective 
treatment for TDC. Malignant degeneration of TDC is rare (0.7%). 



usually 1 to 3 mm in diameter and may intermittently express 
small droplets of thin mucoid fluid usually clear or yellowish [4, 5], 
Histologically, a TDC is lined by pseudostratified ciliated co- 
lumnar epithelium, squamous epithelium, or both. The supporting 
wall of the cyst consists of fibrous tissue and frequently contains 
heterotopic thyroid tissue (20%) and accumulations of other 
chronic inflammatory cells (Fig. 3). A TDC does not usually 
represent a diagnostic problem to the pathologist. 



Very early in fetal life the thyroid gland develops at the base of the tongue 
and before the cartilage of the hyoid bone has formed — W.E. Sistrunk [1] 

Thyroglossal duct cysts (TDCs) are the most common congenital 
cervical abnormalities, three times more common than branchial 
cleft remnants. The cyst usually presents as a painless, asymptom- 
atic midline swelling below the hyoid bone. (Fig. 1) TDCs may be 
observed at any age, but most are noted during childhood, usually 
by 5 years of age; the final third become apparent after age 30. 
TDCs are present at birth in approximately 25% of cases [2]. 
Unlike most thyroid disorders in which females predominate, the 
gender incidence is equal for TDCs. Cysts of the thyroglossal duct 
can be found anywhere in the midline from the submental region 
to the suprasternal notch but are most commonly located halfway 
between these extremes, near the hyoid bone. In their experience 
with 105 cases of TDC, Ward et al. noted that 80% were juxta- 
posed to the hyoid bone (25% located in the submental region), 
2% lingual, and 7% in a suprasternal location. Only 1% of TDCs 
were lateral to the midline [3]. 

Thyroglossal duct cysts are round with a smooth surface and are 
well defined (Fig. 2). With swallowing or protrusion of the tongue, 
a TDC classically rises in the neck as a result of the cyst being 
anchored to the hyoid bone and muscles of the tongue. It is 
usually 1 to 2 cm in diameter, slightly mobile, and nontender 
unless there is superimposed infection. Typically oral bacteria are 
transmitted through the foramen cecum accompanied by ery- 
thema of the overlying skin. Thyroglossal duct sinuses are second- 
ary to infection of the cyst as a result of spontaneous or surgical 
drainage and are associated with some degree of low grade in- 
flammation of the surrounding skin. The cutaneous opening is 
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Embryology of the Thyroid 

The thyroid gland develops from the larger median anlage and the 
paired smaller lateral anlages. The median anlage, recognized by 
the end of the third week, forms the bulk of the thyroid gland. It 
presents on the ventral pharyngeal wall (the tuberculum impar) at 
the level of the second branchial arch, appearing as a single or 
paired diverticulum. Division of the gland into lateral lobes, if not 
present from the beginning, occurs so early that it is impossible to 
determine whether the human thyroid arises singly or as a paired 
organ. Although the median stalk usually has a lumen (the thy- 
roglossal duct), it does not extend into the lateral lobes. The origin 
of the median anlage is marked by the foramen cecum. Early 
during the fifth week, the attenuated duct loses its lumen and 
shortly afterward breaks into fragments. The lateral thyroid an- 
lage, which originates from the ventral portion of the fourth 
pharyngeal pouch, becomes attached to the posterior surface of 
the thyroid during the fifth week and contributes up to 30% to the 
thyroid weight. The causes of fusion of the median and lateral 
anlages are unknown [6]. Sugiyama speculated that the migration 
of the ultimobranchial body controls the growth of the median 
anlage, or that growth of the median anlage laterally and caudally 
inhibits future expansion of the ultimobranchial body. The lateral 
thyroid anlage provides the parafollicular C cells that produce 
calcitonin [7]. 

The thyroglossal duct is an epithelial tube that connects the 
gland and the foramen cecum. Early during the fifth week the duct 
loses its lumen and becomes attenuated into disconnected frag- 
ments. During the fifth through the seventh weeks of gestation the 
hyoid bone is formed by condensation of mesoderm with subse- 
quent chondrification from the second and third branchial arches, 



Organ and Organ: Thyroglossal Duct 




Fig. 1. Thyroglossal duct cyst in juxtaposition to the hyoid bone. 



Fig. 2. Excision of thyroglossal duct cyst (magnified) with a well defined 
smooth surface accompanied by the suprahyoid tract. 

which grow from behind forward, dividing the thyroglossal duct 
tract into suprahyoid and infrahyoid portions [2, 8, 9]. 

The attenuated thyroglossal duct tract usually atrophies and 
disappears by the end of the eighth week. This tract may persist as 
a fibrous cord or a minute epithelial tube. The thyroid gland may 
reach its normal position, leaving rests of cells anywhere along this 
embryonic path and give rise to postnatal development of cysts; or 
the entire organ may fail to complete the journey. If the entire 
gland fails to descend normally, it may lie close to its point of 
origin in the tongue (lingual thyroid) or at any level along the 
midline developmental pathway (sublingual, prelaryngeal, rarely 
suprasternal). TDCs never have a primary external opening be- 
cause the embryologic course of the tract does not reach the 
surface of the neck. Horisawa et al. [10] have demonstrated by 
computed tomography (CT) (and have microscopically con- 
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Fig. 3. A. High power view of a thyroglossal duct cyst exhibiting transi- 
tional epithelium and focal chronic inflammation. B. Thyroglossal duct 
cyst with transitional epithelium, chronic inflammation, and hemorrhage 
in the fibrous connective tissue wall. C. Thyroglossal duct wall exhibiting 
colloid-lined thyroid follicles. 



firmed) penetration of the hyoid bone by the thyroglossal duct 
with ciliated epithelium. 

Two pyramidal lobes may be present, suggesting that the pri- 
mordium was paired. A pyramidal lobe is present in about half of 
individuals. Through lateral growth, two wings of tissue come to 
lie parallel and ventromedial to the elongating thymus glands, 
attached across the midline by the isthmus, to which the remains 
of the thyroglossal duct may attach as the pyramidal lobe [6]. 
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The first follicles form from the epithelial plates at the begin- 
ning of the eighth week, and by the twelfth week the plates have 
been converted entirely into follicles. Subsequent follicle forma- 
tion takes place by budding or division of primary follicles. Follicle 
formation is preceded by the appearance of an intracellular peri- 
odic acid-Schiff (PAS)-positive material. Bierring and Shepard 
have described intracellular canaliculi with microvilli, which open 
at the apex and are in contact with similar structures in adjacent 
cells [11]. These spaces become confluent and form the lumen of 
the developing follicles. Desmosomes connect the cells to keep 
the follicular contents from escaping. During the 11th and 12th 
weeks, all stages of follicle formation may be observed simulta- 
neously. The greatest increase in follicle number takes place 
during the fourth month; colloid appears in the follicles during the 
11th week. Evidence of thyroxine comes with the appearance of 
colloid [6]. 

LiVolsi divided the histologic differentiation of the human fetal 
thyroid into three stages: precoUoid (7-13 weeks); colloid (13-14 
weeks); and follicular (after 14 weeks) [12]. The final form of the 
thyroid gland is not constant. The isthmus is absent in about 10% 
of individuals. The left or right lobe may be small or completely 
absent; thyroidal hemiagenesis is rare [13], 

Surgical Management 

The majority of operations for the cure of thyroglossal cysts are unsuc- 
cessful unless the epithelium-lined tract, running from the cyst to the 
foramen caecum, is completely removed — W.E. Sistrunk [1] 

The original 1920 monograph by Walter Ellis Sistrunk (Fig. 4) 
from the Mayo Clinic described the surgical management of this 
congenital abnormality and remains the classic basic reference. 
Little has been added to Sistrunk's original report or to his 
follow-up manuscript, which contain no bibliographic references 
[14], This monograph is "must" reading for surgeons who manage 
TDC. In his original report, 31 TDCs were encountered among 
86,000 consecutive patients examined at the Mayo Clinic. 

The "Sistrunk operation" consists of en bloc cystectomy and 
central hyoidectomy, with tract excision up to the foramen cecum. 
Sistrunk emphasized the need to make no attempt at isolating the 
suprahyoid portion of the duct, "At this point the tract usually 
passes through the hyoid bone, although it is sometimes found 
passing above or below it" [1]. The literature is saturated with 
reports that cystectomy alone without hyoidectomy and tract ex- 
cision is the main cause of TDC recurrence. 

The central core of tissue, Vs inch on all sides, is excised 
between the hyoid bone and foramen cecum. The index finger of 
the surgeon's hand should be inserted in the patient's mouth, 
placed on the foramen cecum to elevate the tongue and to guide 
excision of the suprahyoid tract. Sistrunk observed that the exci- 
sion invariably proceeds at a 45-degree angle. The defect in the 
geniohyoid and mylohyoid muscles are reapproximated with ab- 
sorbable suture, passed superficial to the cut surface of the muscle 
to avoid injury to the hypoglossal nerve. Although Sistrunk rec- 
ommended apposition of the cut edges of the hyoid bone, it is 
more recently thought to be neither necessary nor wise to attempt 
to repair the cut ends of the hyoid, especially in a child [2], 
Drainage of the wound is warranted in the presence of acute 
infection or operative disruption of the cysts. 

Preoperative thyroid scintigraphy has been performed in pa- 
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Fig. 4. Walter E. Sistrunk, M.D. (1880-1933). (Mayo Clinic staff photo- 
graph, courtesy of The Mayo Clinic and Jon van Heerden, M.D.). 

tients with presumed TDC to document the presence of a normal 
thyroid and to exclude the possibility of an ectopic thyroid mim- 
icking a TDC. Preoperative sonography identifying a normal thy- 
roid gland in patients with TDC confirms a source of thyroid 
hormone separate from the TDC and excludes ectopic thyroid 
tissue. Routine thyroid imaging is not necessary [15]. 

Approximately 1% of TDCs may undergo neoplastic change, 
85% of which are papillary adenocarcinoma. Cases of squamous 
cell, anaplastic, and Hiirthle cell carcinoma in TDCs have been 
reported [16]. Usually these malignancies are discovered follow- 
ing a Sistrunk procedure. Criteria for the diagnosis of primaiy 
papillary carcinoma arising in a TDC are (1) histologic identifi- 
cation of TDC demonstrating that the cyst or duct has an epithe- 
lial lining with normal thyroid follicles in the cyst wall; (2) there is 
normal thyroid tissue adjacent to the tumor; and (3) histopatho- 
logic examination of the thyroid gland reveals no signs of primary 
carcinoma [17]. Immunohistochemically, the cells covering the 
papillae stain strongly with anti-human macrophage/histiocyte an- 
tibodies (CD68 and MAC 387) but not with anti-keratin or anti- 
thyroglobulin antibodies [18]. 
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Thyroglossal duct papillary carcinoma may represent a metas- 
tasis from a tumor of primary thyroid origin [19]. It is not known 
if (1) foci of carcinoma in the thyroid gland are metastases from 
primary carcinoma in the cyst; (2) two independent primary car- 
cinomas exist; or (3) a primary thyroid cancer is the single source. 
Enlarged palpable cervical lymph nodes suggest malignancy be- 
fore an operation. Differentiation of a TDC carcinoma from 
metastatic spread of a primary thyroid cancer is not always clear; 
hence management of TDC is controversial. Opinions on the need 
for radical surgery parallel those expressed regarding the treat- 
ment of differentiated thyroid carcinoma. Sistrunk's operation 
with a thorough follow-up is regarded as a minimum requirement. 

The absence of Widstrom's diagnostic features does not exclude 
the possibility of thyroid involvement; hence total thyroidectomy 
is suggested by some investigators as the appropriate procedure 
for thyrogenic carcinomas. When carcinoma is found in a TDC, 
total thyroidectomy facilitates subsequent ablation of the thyroid 
remnant or distant metastatic lesions with radioactive iodine and 
permits better follow-up by thyroglobulin concentration measure- 
ments. Modified radical neck dissection is indicated only if there 
is metastatic lymph node involvement. 

A 44-year experience reported from the Mayo Clinic revealed 
12 patients with TDC carcinoma (6 males, 6 females) ranging in 
age from 17 to 60 years (mean 40 years). The frequency of 
carcinoma in TDCs was 0.7%. An upper midline neck mass was 
the initial sign in all patients. Eleven of twelve underwent a 
Sistrunk procedure, all of whom had papillary carcinoma; the 
thyroid was involved in three cases. Nine patients underwent 
subtotal or near-total thyroidectomy, three of whom received 
postoperative radioactive iodine. Their mean follow-up of 13 
years revealed no documented local recurrences, distant meta- 
static involvement, or tumor-associated mortality. They concluded 
that TDC carcinoma is a rare malignant tumor, usually diagnosed 
postoperatively. Their recommended treatment: the Sistrunk pro- 
cedure accompanied by a near-total or total thyroidectomy [20]. 

Hereditary TDCs are female-predominant and usually have an 
autosomal dominant pattern of inheritance. This gender bias may 
be explained by genetic imprinting. Although no racial differences 
have been noted with TDC, distinct variations in presentation 
based on nationality have been observed. The recurrence rate 
after a Sistrunk procedure is similar to that in nonhereditary cases 
[21]. 

Thyroglossal duct cysts may mimic laryngoceles, causing ero- 
sion of the thyroid cartilage lamina. These patients present with 
hoarseness and positional stridor. The anterior location deep to 
the strap muscles, the close proximity to the thyroid cartilage 
lamina, and preservation of the paraglottic fat plane help to 
differentiate it from other neck lesions [21]. 

When the TDC is lingual, respiratory stridor is the usual pre- 
senting symptom, rarely dysphagia. Improved respiratory symp- 
toms can be expected when the infant is moved from the prone to 
the supine position. Other causes of congenital stridor should be 
excluded. The association of lingual TDC remnants in sudden 
infant death syndrome have been reported. The treatment for this 
lesion is the Sistrunk procedure or marsupialization. General 
anesthesia and intubation are preferable; however, tracheostomy 
may be necessary if intubation is difficult, or it may be performed 
prophylactically if postoperative edema at the base of the tongue 
is anticipated. Preferably the lesion is excised transorally, which is 
the simplest approach when the cyst is large. Marsupialization of 



a lingual TDC (without excision) has resulted in no reported 
recurrences; there is an associated low morbidity rate and high 
success rate [22, 23]. Preoperative imaging studies may be helpful 
for delineating the extent of the cyst and confirming the presence 
of normal thyroid tissue in the neck. An adequate laryngoscopic 
examination is recommended to ensure the appropriate diagnosis. 
Because the cyst is located posteriorly, adequate exposure is 
critical. The low incidence of lingual TDC may be because the 
duct initially atrophies from the oral side when thyroid descent 
first begins. 

Aspiration of the cyst alone or inadequate dissection is associ- 
ated with rapid refilling of the cyst. The important aspects to this 
approach permit accurate diagnosis by laryngoscopy and imaging 
studies. Excellent exposure of the entire cyst during marsupializa- 
tion and careful pre- and postoperative inspection for extension of 
the cyst into the neck are important. Repeat laryngoscopy is not 
recommended unless the child becomes symptomatic [23], 

Resume 

Les kystes du canal thyreoglosse (KCT), I'anomalie congenitale la 
plus frequente rencontree dans la region cervicale, prends son 
origine dans T^bauche mediane de la glande thyroi'de et se 
presente comme une masse m6diane, sushyoidienne, 
asymptomatique. Son diagnostic ne pose guere de probleme. Le 
canal peut parfois persister sous la forme d*une corde fibreuse ou 
laisser tout au long de son trajet embryonnaire des foyers 
cellulaires qui peuvent donner naissance au d^veloppement d'un 
KCT. L'operation de Sistrunk, decrite en 1920, consiste en une 
kystectomie en bloc, une hyoidectomie centrale avec excision du 
canal jusqu'au foramen cecum et constitue un traitement effectif 
du KCT. La degen^rescence maligne est rare (0.7%). 

Resumen 

Los quistes del canal tirogloso, que constituyen la mayoria de las 
anomalias congenitas del cuello, ocurren en cualquier sitio del 
trayecto de emigracidn de la gldndula tiroides y se presentan 
clmicamente como una masa suprahioidea indolora y ubicada 
sobre la linea cervical media. No representan problema 
diagn6stico. El tracto puede persistir como un cord6n fibr6tico o 
puede dejar nidos de c^lulas a lo largo de su trayecto embrionario, 
los cuales dan origen a un quiste del canal tirogloso. La operaci6n 
de Sistrunk, descrita en 1920, consiste en una resecci6n en bloque 
del quiste, la resecci6n de la porci6n central del hueso hioides y la 
resecci6n del tracto hasta el foramen ciego de la lengua. Este 
procedimiento operatorio sigue siendo una modalidad efectiva en 
el tratamiento de los quistes tiroglosos. La degeneraci6n maligna 
de un quiste tirogloso es poco comtin (0.7%). 
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Management of th/rotd carcinoma relies upon the tumour cells maintaining the differentiated 
functions that are typical of normal thyroid follicular cells, such as: dependence upon 
thyrotropin for growth, production of thyroglobulin and effeaive transport of iodine. 
Likewise, differentiated thyroid carcinomas often exhibit an auspicious clinical behaviour with 
a slow rate of growth and low potential for invasion and distant metastasis. These features 
permit therapy of disseminated tumour, effective follow-up surveillance and the assumption of 
I good prognosis. As each of these features are lost, the opportunities for both disease sutus 
assessment and therapeutic intervention diminish accordingly. A major obstacle is our failure 
to define effective systemic treatments to replace radiolodine therapy, whose loss is consonant 
with the loss of iodine transport and retention. The extreme of undifferentiated clinical 
behaviour is epitomized by anaplastic thyroid carcinoma, a rare, terminally dedifferentiated 
malignancy that is rapidly and Invariably fatal. It is important to be attuned to clinical clues 
suggesting the presence of dedifferentiated tumour and related prognostic signs. This allows 
the application of currently limited therapeutic options and defines the need for research to 
develop new systemic treatments. 

Key words: thyroid neoplasms; cell differentiation; chemotherapy, adjuvant; radiotherapy, 
adjuvant; investigative techniques; anaplastic carcinoma. 



} FEATURES OF DIFFERENTIATION AND THE CONSEQUENCES OF 
THEIR LOSS IN THYROID CANCER 

i 

J Thyroid epithelial carcinomas are generally classified into papillary or follicular 
1 histological types, including their respective variants. In this context, differentiation 
. refers to the maintenance of cellular functions, that are particular to benign thyroid 
follicular cells* namely a slow growth rate and a low propensity to metastasize. It is also 
ipplied as a descriptive term to histological features that are typically associated with 
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differentiated cellular functions. Rather than serving as a strictly nosological tool, the 
degree of differentiation determines the likelihood of beneficial response to clear 1/ 
limited therapeutic options that take advantage of thyroid-specific processes. 

The genetic and epigenetic changes associated with dedifferentiation are under 
aaive investigation. Although our understanding of these changes is still very pre- ^ 
I i mi nary, it appears tikety that some of them, particularly epigenetic changes, may be ' 
reversible. Also, the incremental nature of these changes is of immediate clinical ; 
relevance. For example, a gradual decline in iodide transport in metastases may still j 
permit effective tumouricidal results with '^'l therapy, provided that maximal doses ^ 
(up to marrow tolerance) are employed with optimal patient preparation.' However, 
the recognition of the heterogeneous levels of expression of the iodide transporter 
(sodium/iodide symporten NIS), amongst different cells within the same tumour, may 
set the stage for low doses of '^'l therapy to provide a selection pressure for the loss of . 
NIS expression and dedifferentiation in progeny cells. Thus, understanding these : 
effects has value, both hr treating dedifferentiated tumours and for preventing the 
evolutionary transformation of differentiated tumours to a non-funaional phenotype. . 

An important point is that dedifferentiation is often disconjugate, with the loss of ' 
some funaions and the retention of othere. Discerning the status of different tumour 
functionalities is a critical part of any therapeutic strategy. This could enhance ' 
diagnostic sensitivity, the seleaion of appropriate treatments and may permit palliative 
measures, even in the absence of curative opportunities. j 

Functional features 

Malignant thyroid follicular cells typically express cell membrane receptors to thyro : 

tropin (thyroid stimulating hormone; TSH) with an active transduaion machinery that : 

is capable of eliciting a cascade of a variety of second messengers. These stimulate ! 

progression through the cell cycle with enhancement of growth, elaboration of ; 

thyroglobulin and both production and membrane-urgeting of NIS. This provides the : 

rationale for both suppressing endogenous TSH with levothyroxine to reduce tumour j 

growth and for transient hypothyroid -induced stimulation of TSH to enhance '^'l i 
delivery to malignant cells. Suppression of endogenous TSH is associated with 

improved patient outcomes^ and it is possible that thyroid cancer cells may be less ; 

susceptible to TSH-response desensitization than normal thyroid follicular cells.^ \ 

However, thyroid malignancies with histological evidence of dedifferentiation and a ; 

poor prognosis have diminished TSH receptors'*, and show TSH-independent i 
proliferation. 

The ability to treat metasutic disease with radioactive iodine is unique to thyroid ' 

cancers with sufficient expression of NIS.^ Although several other tissues express this ; 

gene at low levels, it appears to be important for the appropriate membrane ! 

placement of NIS protein for optimal aaivity of this pump.' These processes alone are | 

insufficient to retain radioiodine within the tumour cells long enough to deliver j 

tumouricidal radiation doses, as shown by NIS gene transfeaion studies.^ Retention | 

requires organification of iodine, mediated partly by a differentiation-dependent ' 

thyroid-specific pnodua, thyroid peroxidase (TPO). Thyroidal TPO expression is ■ 
diminished by malignant transformation® and may account for a rapid loss of accumii- 
lated radio iodide, which is probably responsible for some treatment failures.' 
Sometimes retention of radioiodine inside tumour cells may be enhanced by the 
administration of lithium carbonate, as shown in clinical trials although this agent 
does not increase iodine uptake. 
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Thyroglobiilin is the major component of thyroidal colloid and is unique to thyroid 
; follicular cells. There is no evidence of illegitimate transcription of its gene in any other 
human tissue. Like other thyroid cell proteins, its expression may be diminished in 
dedifferentiated malignancies": however, it typically continues to be expressed despite 
the loss of NIS and/or TPO. This often permits it to serve as a reliable marker for 
persistent or recurrent tumour, even in the absence of radiological ly-detectable gross 
disease.'^ The presence of anti-thyroglobulin autoantibodies in patients may diminish 
^he diagnostic reliability of the serum thyrogbbulin assay; however, new tests, 
fisessing peripheral blood for the presence of circulating thyroid cancer celts by 
oonverting their thyrbglobulin messenger KNA into complementary DNA that is 
implified by the polymerase chain reaction and quantitatively assessed, have suggested 
V higher sensitivities for the diagnosis of persistent thyroid cancer. 

Differentiation embodies the behaviours of slow tumour growth, limited invasion 
nd rare metastases. The maxinul dedifferentiated behaviour is exemplified by 
maplastic thyroid carcinonta (ATQ with clinical doubling times as short as 2 days and 
invariable metastatic dissemination. The full spectrum between these behavk>urs can 
be seen in dedifferentiated tumours, with disease progression ranging over time 
periods as short as months to as long as decades. These differences are likely to be 
intrinsic to the degree of histological differentiation'^ and may be conseauent to the 
(xpression of a variety of distinct gene products, such as E-cadherin.'^ E<adherin 
expression is also affeaed by epigenetic fiactors related to tumour differentiatton 
socus'^ and may be reversible.'^ Further identification of additional mechanisms, 
particularly those altering progression through the cell cycle, should provide new 
ntionales for innovative therapeutics. 

Histological features 

Htscological features that imply the loss of differentiation with a resulting poor 
prognosis include: extrathyroidal invasion, DNA aneuploidy, the presence of a solid, 
tnbecular, or scirrhous pattern, distant metastases and bulky or invasive nodal 
'■nctastases.'*"^' Tumours with these features may lose differentiated functions as an 
inttia] or later development, although some tumours retain these functions.^^ 
^ologists have denoted histological subtypes that are suggestive of aggressive 
Dimour behaviour and the loss of differentiated functions. These include tall cell 
oriant papillary cancers, which frequently lose iodide uptake^^ via potentially 
leversible mechanisms.^ Similar associations have been suggested for columnar cell 
Briants^, oxyphilic (Hurthle-cell) variants^*^ and insular carcinomas.^ Careful 
ral/sis of primary tumour histology may presage tumour dedifferentiation and focus 
ihe clinical approach. However, a retrospective evaluation of patients with distantly 
imecastatic. dedifferentiated tumours failed to discern histological features that were 
Mmct from many well-differentiated, therapeutically responsive cancers.^ 



iClinical consequences of dedifferentiation 

:The loss of thyroid-specific funaions impedes both diagnostic and therapeutic efforts, 
•tee efforts rely upon the expression of NIS and thyroglobulin, permitting the use of 
•ladiotodide, as well as the measurement of circulating thyroglobulin. In most cases, 
timours secrete thyroglobulin despite failing to concentrate iodide, providing impor- 
tant clues that denote the presence of dedifferentiated carcinoma.^ This should 
Ifnompt the use of alternative imaging strategies to find tumour sites, such as 
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computerized axial tomographic scans, magnetic resonance imaging, or alternative 
nuclear medicine techniques. Further dedifferentiation may diminish thyroglobulin 
secretion, potentially lulling the clinidan into complacency in the absence of obvious 
gross tumour. Astute diagnostic management incorporates multiple complementary 
imaging methodologies so that tumour progression is deteaed as early as possible and. 
hopefully, as localized and resectable disease. This is critical because there are no 
effective systemic therapies aside from radioiodine. 

Differentiation status inversely correlates with the tumour growth rate. The 
extreme example is anaplastic thyroid carcinoma, which has extraordinarily brid 
doubling times. Although growth of differentiated cancers is partly TSH-dependeni, 
dedifferentiation may result In diminished expression of TSH receptors'* as well as 
diminished signal transduaion after receptor activation.^' In addition, other uncharac- 
terized grovirth factors may exert greater influence on disease progression^^, but it is 
not easy to determine which patients no longer benefit from suppression of their TSH. 
For this reason, suppressive use of levothyroxine is still advised when differentiated 
features are lost. 



Anaplastic thyroid carcinoma 

Anaplastic thyroid carcinoma (ATC) is the ultimate dedifferentiation of thyroid 
carcinomas, since the consequence of transformation to this tumour type is an 
inexorable fatal outcome." Primary prevention of ATC involves successful clinical 
management of precursor differentiated tumours and is always more successful than 
treatment of consequent ATC. ATC cells do not have effective iodide retention 
sufficient to respond to radioiodine therapy although they express NIS mRNA.^ 
Assertive control of local disease with surgery and external beam radiotherapy is 
usually helpful, but ultimately fails due to distant metastases and the absence of 
effeaive systemic therapies. Recent preclinical experiments have suggested aaivity of 
paclitaxel against ATC^^ and this has been verified in a dinical trial.^ This agent merely 
delays morality in responsive patients and is only a first step in an arduous journey of 
future experimental therapeutics. 



CLINICAL APPROACHES TO UNDIFFERENTIATED TUMOURS 

The fundamental failure of clinical management of undifferentiated thyroid cancer is 
the absence of any demonstrably effeaive systemic therapy. Treatment strategies must 
make optimal use of inadequate modalities in rare curative efforts and more common 
palliative attempts. The first step is to make certain that iodide uptake is truly lost, 
rather than reflecting inadequate preparation or stable iodide contamination. Many 
clinicians do not appreciate the fact that interference with radioiodine uptake in 
metastases from stable iodine in radiographic contrast media may persist for nearly a 
year," In some cases, patients with 'dedifferentiated* tumours demonstrate excellent 
radioiodide uptake after providing sufficient time for clearance of stable iodide and 
careful preparation for treatment with a strirt low-iodine diet.^ 

The next step is to identify those patients with localized disease who may be treated 
with surgical reseaion and external radiotherapy (XRT). There may be a narrow 
'window of opportunity* for locoregional disease to respond to such management 
before distant dissemination. Such patients shoukJ be discriminated from those with 




Management of undifferentiated thyroid cancer 619 



ng» or alternative 
lish thyroglobulin 
bsence of obvious 
je complementary 
Hy as possible and, 
iuse there are no 

■rovi^h rate. The 
traordlnarily brief 
^ TSH-dependent. 
pptors^ as well as 
ir^» other uncharac- 
^ression^^, but it is 
bion of their TSH. 
vhen differentiated 



i 

juation of thyroid 
pmour type is an 
I successful clinical 
bre successful than 
iodide retention 
5-ess NIS mRNA.^ 
im radiotherapy is 
nd the absence of 
jggested activity of 
^ This agent merely 
arduous journey of 



UMOURS 

d thyroid cancer is 
lent strategies must 
and more common 
jptake is truly lost, 
>ntami nation. Many 
lioiodine uptake in 
persist for nearly a 
monstrate excellent 
Df stable iodide and 

who may be treated 
i may be a narrow 
) such management 
cd from those with 



unresectable local or d«tant disease, who require expert dinical guidance and should 
be considered for creative approaches and innovative experimental studies. 



Assessment of tunnour function for clinical intervention 

, Thyroid cancers may dedifferentiate before or after initial diagnosis. Apart from clearly 
undifferentiated anaplastic cancers, this is usually recognized after surgical thyrxjidec- 
tomy and radioiodine ablation and scanning. In some cases, gross local or distant 

i tumour is evident from radiographic studies and does not concentrate radioiodine on 

1 nuclear scans. It may be necessary to verify these metastases by biopsy (and immuno- 
cytc^emistry for thyroglobulin) to rule out coincident unrelated cancers. As long as 
urinary iodine studies suggest that this is not a false-negative finding due to stable 

< iodine conumination (< 100 ^g iodide in a 244i urine colleaion is minimally adequate, 
< 50 Mg is preferred) the negative results of the diagnostic scan should be sufficient to 
define the nature of the cancer as unresponsive to radioiodine, channelling further 
clinical efforts differently. 

In other patients, with elevated thyroglobulin values and no radiological evidence of 
tumour sites, the administration of a large '^'l treatment dose (> ISO mO (5.5 GBq)) 
permits a whole body scan 2-6 days after the '^'l time of administration. This scan can 
demonstrate tumour sites for permitting surgical treatment of localized tumour. 
Alternatively, this treatment dose may result in effettive bv^ring of serum 
thyroglobulin. suggesting therapeutic benefit. '^^^^ 



Approach to the patient with elevated thyroglobulin and negative '^'l scans 

Figure I depicts an approach for resolving the dilemma of persistent disease (as shown 
by elevated circulating thyroglobulin). with no non-physiological sites of uptake on *^'l 
whole body scanning and no other indication of metastatic sites. The first task is to 
verify that scan results are reliable by ruling out excessive stable iodine with a 24-h 
urine sample for iodine following I week of a low iodine diet. After such verification, 
using hypothyroidism for preparation (TSH > 30 mlU/m^') and a low iodine diet, the 
patient is given an '^'l dose exceeding 150 mCi (5.5 GBq). Euthyroid scan preparation 
with recombinant human TSH is not advised because it is possible that such a 

' preparation provides an insufficient length of time of TSH stimulation of potentially 
dedifferentiated tumour and the resulting body scan is significantly less sensitive. The 
post-therapy whole body nuclear scan may denote the sites of metastatic disease. If so. 
these sites may be resectable (such as in the neck or as isolated lung metastases). If 
unresectable, then they should be approached as described in Figure 1 

In the case of a negative post-therapy '^M whole body scan, thyroglobulin levels 
(stimulated by hypothyroidism or recombinant human TSH) should be assessed several 
rnonths later to determine whether a therapeutic benefit was gained despite the 
absence of tumour localization on the scan. If thyroglobulin is significantly decreased, 
further '^'l therapy should be considered. In any case, a number of tumour localization 
procedures should be employed. We find that extensive ultrasound evaluation of the 
neck, coupled with fine needle biopsies of all suspicious sites, is the most valuable 
initial technique for finding tunujur in this situation. Computerized axial tomography 
of the lung or magnetic resonance imaging of the mediastinum, abdomen and pelvis 

^ ire also useful. Recent studies have described the value of alternative nuclear scanning 
agents and positron emission tomography with 18-fluorodeoxyglucose to find tumour 
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Pref ntatlon (after ttiyroldectoiny & '^1 ablation): 
Elevated thyroglofaulln, Neflativi^"^! acan, No known tumour ttte 



Eliminate False-Negative Scan: 
Check 24-h urine todlne 
(should be < 100 pg onlow iodine diet) 



Give high dose i"] (>150 mCi [5.5 GBq], 
ideally 2200 mCi [7.4 GBqJ using optimal preparation 



Scan Posftive 
Localizes tumour 
sites 




Post-therapy whole body scan: 
48 h after dose, may 
repeat at 72-96 hrs 



FollowHjp with stimulated 



thyrogtobutin 



7\ 




Not 
Diminished 



Significantly 
Diminished ~ 



Consider repeating ^^^1 
therapy with maximal dose 
(red marrow dostnwtry) 



Consider rssectlon of 

tumour sites: consider 
post-operative external 
beam radiotherapy 

— J 

^ Tumour unresecteble 

See Figure 2 



■Tumour sites known ^ 



No 



~ Tumour sites NOT known ^ 



Tumour Localization Procedures 

1 . Neck Ultrasound with biopsias 

2. CAT scans 

3. MRI studies 

4. Nuclear Scans (thallium 
tetrafosmin, OMSA, etc.) 

5. PET scan (F>18DG) 



» Tumour NOT found - 



Repeat at 
reasonable 
intervals 



Rgure I. Clinical flow chart for unknown tumour site. CAT. computerized axial tomogr^hy; MRI, 
magnetic resonance imaging; DMSA, dimercapcosuccinic acid; PET, positron emission tomography; F-18 DG, 
(18-F) fluorodeoxyglucose. 

sites/^ These studies should be repeated at reasonable intervals, particularly if 
thyroglobulin values are increasing, to try to determine disease sites. 

Approach to the patient with gross dedifferentiated tunnour 

Figure 2 describes the management of macroscopic, dedifferentiated thyroid cancer. As 
in any situation in which metastatic thyroid cancer fails to concentrate radioiodine on 
scanning, it is important to rule out false-negative resuitt from stable iodine con- 
tamination (simitar to Figure I). The next issue is to confirm the tumour as thyroid 
cancer. It is not rare for cancer patients to harbour more than one primary malignancy 
and thyroid cancer patients appear to be at risk for other malignancies such as breast 
cancer.^^ If thyroglobulin values are severely elevated, this is supportive of the 
hypothesis that the metastatic tumour is thyroidal; hov^ever. moderate or low levels o( 
thyroglobulin leave room for doubt. Such doubt should be eliminated by biopsy and 
immunohistochemistry for thyroglobulin. 
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Make certain tumour ts thyroid cancer 

1 . Is thyroQObultn elevated sutTidently? 

2. If not certain, biopsy tumour, do 
thyrolgobulin immunohistochemistry 



No ^ 



X 



Is tumour localized A resectable? 



Yes 



Maintain suppression of TSH | 



3 



Conaldaf Experimental 
Protocol* ~ 
Tumourlcldaf: 

chemotherapy, 
radiolabeded antibodies, 
vaccines, 

gene therapy, ribozymes 
Antl-angioflenic 
Tumourlatatlc 

hormonal agents, 
chemotherapy 



Consider for residual 
or metastatic 

microscopic disease 
See Figure 1 



Resect tumour; foltow-up 

with external beam 
radiothera py, if possible 

1 



Fcliow-up with stinrtulated 
thyrogobulin 



\Z7\ 



Diminished 
or >8 ng/ml 



Low Of 
undetectable 



Tumour Sun/eilance Mode: 
Maintain suppression of TSH 



figure 2. Clinical fksw chart for macrtwcopic dedifferentiated tumour. TSH. thyroid stimulating hormone, 
or thyrotropin. 

After appropriate confirmation, tumour sites should be assessed for resecubility 
and operable gross tumour should be removed. Post-surgicai external beam radio- 
therapy often provides additional anti-neoplastic control if able to be safely directed to 
locaJized negions.^'*^ Stimulated thyroglobulin levels (by hypothyroidism or r«com- 
< binant human TSH injections), as well as continued radiographical studies, provide 
evidence of treatment effectiveness. If thyroglobulin levels are elevated, despite 
resolution of gross tumour, the patient should be further evaluated (as in Figure I) 
since this may represent concomitant micnometastatic disease or tumour In occult 
sites that may benefit from high dose radioiodine treatment. If stimulated thyro- 
globulin levels become extremely low or undetectable, the patient should be 
maintained on TSH-suppressive levothyroxine dosages and periodically evaluated in a 
tumour surveillance mode. 

P&tients with macroscopic unresectable thyroid carcinomas that do not concentrate 
radioiodine, constitute the major therapeutic dilemma. Since there are no established 
effeaive treatment modalities, these patients are very appropriate subjects for 
prospective clinical trials of innovative therapies. The rate of tumour progression may 
be slow enough for survival to extend over several years and some patients have 
ivoided significant nrwrbidity for more than a decade. In this context, aggressive 
unproven chemotherapeutics with severe side effects should not be used unless 
specific new preclinical data justifies a formal research trial. Patients may coexist 
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reasonably with their cancer, provided that metastases do not progress in critical 
areas, such as: the central nervous systcnn, tracheal lumen, mainstem bronchus^, or 
other vital places*^ Such dangerous metastases should be surgically reseaed or 
considered for stereotactic radiotherapy fgamma knife'). Hovirever, rapidly progressive 
disease frequently results in desperate treatments with a variety of anti-neoplastks. It 
may be difficult for both the physician and the patient to resist the intense psycho- 
logical pressures to 'do something' when there is nothing known to do. Palliative 
procedures, such as arterial embolization of metastases ^, laser surgery of intraluminal 
tracheal tumours, and pleurodesis of malignant pleural effusions, may be very effective 
for lengthening and enhancing the quality of life. 

The rationale for resection of macrometastatic disease 

Patient safety and survival dictates the resertion of macrometastatic disease in critical 
sites, such as the brain, spinal cord, or bronchus; however, reseaion of even 
non-critical metastases can be justified for biological reasons. The kxal environment 
within a tumour metastasis contributes to therapeutic failure. Intratumoural vascul- 
ature is tortuous with flawed endothelial linings and arterio-venous shunting resulting 
in sluggish and fluctuating blood ftew.^ This contributes to ischaemia and hypoxia in 
tumour regions between blood vessels, enhancing radiation resistance and resistance 
to chenrwtherapy agents. Hypoxia induces p53-mediated apoptosis*, providing a con- 
stant selection pressure for p53 mutations and resulting In further dedifferentiation 
and aggressive clinical behaviour. Ischaemic tumour cells are likely to become 
unresponsive to radioiodine therapy because of diminished access to circulating radto- 
iodine, increased radioresistance and probably decreased NIS expression. Additionally, 
mutational events are more likely when the tumour burden is greatest. 

i 
j 

Alternative systemic therapies (experimental and speculative) I 

Chemotherapy 

Systemic chemotherapies in patients with thyroid carcinoma have been uniformly 
ineffective despite numerous, usually anecdotal, trials.^' The agents and regimens used 
have included combinations of; doxorubicin, cisplatin and bleomycin^^; doxorubicin, 
cisplatin and vindesine^^; and single agents, including, mitoxantrone^, aclarubicin" and 
doxorubicin.^ Although paclitaxel has significant activity in ATC^^-^. our experiences 
in non-ATC, dedifferentiated thyroid cancers have been less rewarding. 

The ineffectiveness of anti-neoplastic agents in thyroid cancer suggests an active role 
for one or more mechanisms associated with chemotherapy resistance. Satakc et al^ 
investigated the expression of P-glycoprotein (a MDRl gene product), multidrug 
resistance-associated prrjtein (MRP; a MRPI gene product). LRP (lung resistance 
protein; major vault) and mutations of DNA topoisomerase ll-alpha (TOPII) in several 
examples of ATC cell lines and tumours. They found that all expressed MRP, most 
expressed LRP and less than half expressed MDRl. All expressed TOPII and there 
were no mutations in this gene. P-glycoprotein and MRP are membrane proteins that 
pump chemotherapy agents out of cells, resulting in resistance to those agents. MRP 
has a similar spectrum of drug transport attivity to P-glycoprotein. except that it is 
less able to transport paclitaxel or colchicine." LRP has similar transport properties in 
the membranes of intracellular vesicles, resulting in sequestration and exocytosis <rf 
chemotherapy agents, while mutations in TOPII may alter this potential drug target.^' 
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jfcss in critical We found roughly similar results, with uniformly high expression of MRP but no 
ronchus^. or expression of MDR! mRNA.*** As well as serving as an explanation for the failure of 
resected or sy^mic anti-neoplastic therapies, these results suggest that MRP and LRP may provide 
■y progressive appropriate urgets for inaccivatton, in order to restore a clinical response to standard 
peoptastia. It chemotherapies. This is the rationale for active research efforts to find phamnacological 
tense psycho- inhibitors of these chemotherapy pumps. 

I do. Palliative ■ Recent clinical trials have made use of new drugs capable of inhibiting the growth of 
ff intraluminal blood vessels into tumours, making large tumour masses haemodynamically unstable 
ivery effeaive and inhibiting tumour growth. Although aaive preclinical studies are underway in our 
, laboratory with a variety of agents, published studies are rare.*' It is likely that the best 

results will require anti-angiogenesis agents used in combination with cytotoxic 

chemotherapy. 



jase in critical 
etion of even 
i environment 
^oural vascul- 
jiting resulting 
jnd hypoxia in 
knd resistance 
joviding a con- 
tiifferentiation 
^ to become 
^ulating radio- 
l Additionally. 



»en uniformly 
negimens used 
: doxorubicin, 
arubicin^ and 
tr experiences 

an active role 
Satake et al^^ 
::t). multidrug 
itng resistance 
)PII) in several 
id MRP, most 
►Pll and there 
: proteins that 
! agents. MRP 
cept that it is 
: properties in 
exocytosis of 
drug target.^' 



RestoroD'on cf radhiodine uptake 

Since the most effective systemic therapy for differentiated thyroid cancer has been 
' radroiodine. it is rational to attempt to restore the components of iodide uptake and 
retention which make this possible in dedifferentiated tumours. One of the earliest 
compounds advocated for this purpose was 13-cis retinoic acid (l3cRA). The recent 
review by Schmutzler and Kdhrle" summarizes the current published experiences. 
Careful analysts of these cases arouses significant scepticism, particularly since in vivo 
scudies have suggested that retinokJs inhibit radioiodine uptake", inhibit thyrt>id 
peroxidase expression**, inhibit thyroglobulin expression" and do not restore radio- 
iodide uptake despite increased NIS mRNA." In addition, most published patient 
reports did not have an absolute lack of icxiide transport in tumours prior to starting 
l3cRA and diets were not controlled for stable iodine contamination. To aycp^^ this we 
completed a prospective clinical trial of l3cRA under tightly controlled circumstances 
. which failed to demonstrate any restoration of upuke in such tumours (unpublished 
results). Although clinicians appear to be trying this agent in some patients with 
dedifferentiated tumours, there is no objeaive evidence presented that this approach 
successfully restores tumour radioiodine uptake. 

We have explored the molecular biology of NIS expression and found evidence to 
implicate epigenetic changes as being responsible for the loss of NIS expression and 
funaion. These studies suggest that methylation of cytosine residues in CpG DNA 
* sequences in the regulatory regions of the NIS promoter, or portions of the first NIS 
intron, may contribute to transcriptional repression resulting in the loss of iodide 
uptake. Human thyroid carcinoma cell lines, without expression of NIS mRNA nor 
measurable radiokxiine uptake in vitro, were treated with S-azacytidine (an inhibitor 
of DNA-methyltransferase) resulting in the restoration of NIS mRNA expression and 
radioiodine uptake.^ This agent is now under active investigation, in a phase lb clinical 
trial, to attempt the restoration of radioiodine uptake in tumours of patients with 
metastatic dedifferentiated thyroid cancer, thus enabling radioiodine therapy to be 
used. Additional agents, which enhance transcription by altering chromatin struaure, 
are under development for similar experimental clinical applications, including 
regulators of polyamine synthesis^ and histone deacetylase inhibitors.*® 

Gene transfer therapy 

Gene transfer experiments, in which the NIS gene is transfected into dedifferentiated 
thyroid cancer cells' or non-thyroidal malignancies*'"^', also attempt to restore or 
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create therapeutic responsiveness to radiotodine. Major obstacles to the clinical G 
application of this approach indude: problems inherent to the current viral veaors. j 
the difficulty of specifically targeting metastatic tunrtour cells^, and the need to restore | 

cellular components of iodide organification and retention in order to deliver j | 

sufTicient tumouricidal radiation. One potential way of targeting specific tumour celts | ! 

is to use a tumour-specific promoter to limit the expression of transfected NIS to | | 

tumour cells despite systemic gene therapy. The thyroglobulin promoter ts a possible { ■ 

candidate for thyroid cancer cells, for targeted expression of NIS or alternative suicide ) . 

genes^^, while the prostate-spedfic antigen pronuster provides targeted NIS expres- h \ 

slon in prostate cancer celts stimulated with androgens/^ } 

The tumour suppressor gene, p53. is ^pically mutated or eprgenetically repressed '{ 

in dedifferentiated thyroid carcinomas/* Transfertion of this gene into ATC cells • 
decreases growth rates and restores responsiveness to chemotherapy drugs^^, as well 

as enhancing radiosensitivity^, thyroid peroxidase expression^, responses to TSH^ 5 

and immunoreactivity.** This gene is particularly attractive as a therapeutic target { 

because it should not require tumour cell-specific targeting, since there is no Icnown f 
deleterious effect of wild-type p53 on normal cells, and new evidence suggests ttiat p53 

mutations may be compensated for by pharmacological agents.®* Additional genetic ; 
therapies may make use of ribozymes, which are eniymes that deave RNA molecules 

in ttie cell, preventing them from producing specific proteins. Synthetic hammerhead / 

ribozymes can be produced, which precisely destroy the mutant RNA spedes 1- 

responsible for ttie malignant behaviour of cancer cells.^^ Likewise, other ribozymes i 
can be engineered to repair mutant p53 gene products.^ 

Hormonai therapy \ 

Somatostatin is a hormone with a multitude of effects, including a potential for tunwur 
growth Inhibition. These effects are mediated through five distinct subtypes of 
somatostatin receptors (SSTRI-SSTR5). Early studies documented binding of radio- 
labelled somatostatin to ttiyrold cancer ceils, as well as unusual and contradictonr 
responses of human thyroid cancer cell lines to two different somatostatin analogs.*' 
Later investigations denoted SSTR3 and SSSTR5 as the predominant somatostatin 
receptors expressed In thyroid cancers.^ Clinical experience with somatostatin 
analogs has been largely limited to ottreotide, with greatest affinity for SSTRl 
Unfortunately, our clinical experience denr>onstrates that this analog increases or has 
no effea on the growth rate of dedifferentiated thyroid cancers, a finding further \ 
substantiated by Zlock et al.^ Our preclinical studies of human thyroid carcinoma cell ; 
lines, grown as xenografts in nude mice, have failed to reveal significant growth 
inhibitory activity of a wide variety of somatostatin analogs, including some with a 
specific affinity for SSTRS. Our experience with radiolabelled oareotide as a nuclear 
medicine Imaging agent for thyroid carcinoma has not been fruitful. It is likely that 
positive reports of its utility have been consequent to binding of the oareotide to 
SSTR2-expresslng vascular endothelial cells, rather than dtrealy to tumour cells. 



SUMMARY 

The absence of effective systemic therapies for metastatic dedifferentiated thyroid 
carcinomas is the major impediment to their successful clinical management. Current 
clinical strategics employ aggressive control of locoregional disease with surgery and 
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anti-angiogenesis agents and possibi/ gene therapies. Management of this cancw 
requires careful applkatton of a host of surgical and radiotherapy techniques, which ir% 
all often insufTtcient to resolve disease, but may enhance the quality of life and proIon| 
the length of survival. 
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